ABSTRACT
INTRODUCTION
Study of physico-chemical status is very important in assessing ecological conditions of every natural water body. Apart from providing ecological background information, assessment of physico-chemical conditions is also a way by which the health status of natural water bodies can be evaluated (Yakub, 2004; Yakub and Ugwumba, 2009; Nkwoji et al., 2010) .
Barrier-lagoon complex is the westernmost of the four coastal geomorphic divisions in Nigeria. The Barrier-lagoon complex just like other coastal divisions offers immense socio-economic values especially by supporting artisanal sector of capture fisheries and provision of water for domestic and industrial uses. Coastal water bodies also provide potentials and opportunities for coastal aquaculture which is very imperative for bridging the gap between demand and supply of fish and allied products in Nigeria.
Little information exists on physicochemical hydrology in the westernmost axis of the barrier-lagoon complex especially in Badagry Creek and Ologe Lagoon. In this study, the physico-chemical hydrology of the Badagry Creek and Ologe Lagoon was investigated. The findings in the study are invaluable for sustainable management and conservation of the fisheries and other resources in the water bodies.
MATERIALS AND METHODS

Study area
The study was carried out in Badagry Creek and Ologe Lagoon within the western axis of the Barrier-Lagoon Complex in Nigeria (Figure 1) .
The Badagry Creek is the main body of the barrier lagoon complex that enters Nigeria (Figure 1 ). It has connections to the sea via Lake Nokoue in Cotonu and Lagos Lagoon and Harbor in Lagos. Ologe Lagoon on the other hand is a backwater into which some rivers and streams in the western part of Nigeria drain, and it in turn empties through some tributaries into the Badagry Creek and Lagos Lagoon (Figure 1 
Sample collections
Air and surface water temperatures were measured in situ at every station using mercury-in-glass thermometer. Salinity, conductivity and pH were measured using a multi-parameter water checker (Horiba U-10) while alkalinity was determined using titration method (APHA, 1995) . Dissolved oxygen was determined using iodometric Winkler's method (APHA 1995) while BOD was determined after five days incubation (APHA 1995) .
Nitrate, phosphate, sulfate, lead and zinc were measured using colorimetric analysis and spectroscopy with SmartSpectrophotometer by LaMotte. The SmartSpectrophotometer by LaMotte is an American EPA accepted instrument with test procedures that are approved for National Pollutant Discharge Elimination System (NPDES) compliance monitoring programmes (www.lamotte.com). Sample collection and analysis were done in the months of June and September 2011 as well as February and May 2012.
Data analysis
Data collected during various sampling periods were pooled and analysed statistically using ANOVA Test under Microsoft Excel as prescribed in Ogbeibu (2005) . 
RESULTS
Badagry Creek
Water temperature values which ranged from 31.1 ± 1.44 o C at station A1 to 31.75 ± 0.5 o C at station A5 were not significantly (p>0.05) different. Spatial distributions of the physico-chemical parameters of Badagry Creek are presented in Table 1 . Salinity ranged from 2.0 ± 3.8 ‰ to 3.85 ± 4.48 ‰ with insignificant differences (p>0.05) ( Table  1) . Of all the parameters, only BOD had significant spatial variation (p<0.05) with a range of 2.2l ± 2.51 mg/l at station A2 to 8.15l ± 1.66 mg/l at station A5. Station A5 also had the highest levels of lead and zinc while the lowest level of lead was recorded at station A1 (Table 1) .
Ologe Lagoon
Air and water temperatures as well as salinity, alkalinity, pH, conductivity, nitrate, phosphate and sulphate and zinc were not significantly different (p>0.05) across the stations. Table 2 presents mean values of the physico-chemical parameters at various stations in Ologe Lagoon. Significant variations (p<0.05) were however recorded in DO, BOD and lead. Station B1 had the lowest mean DO (1.08 ± 0.96 mg/l) but the highest mean BOD (16.90 ± 10.46 mg/l) and lead (0.85 ± 0.07 mg/l) followed by station B2 with mean DO of 3.68 ± 3.15 mg/l, BOD of 9.4 ± 7.56 mg/l and lead of 0.35 ± 0.35 mg/l (Table 2) . (Horsfall and Spiff, 2001 ). Salinity and conductivity levels recorded in this study indicate a low brackish condition in Badagry Creek while Ologe Lagoon is an entirely fresh water body.
The pH, nitrate and phosphate levels recorded at every station fall within the normal ranges stipulated as standards for tropical aquatic life (Horsfall and Spiff, 2001 ) and similar to findings earlier made in relatively unperturbed areas of other Nigerian water bodies (Yakub, 2004; Yakub and Ugwumba, 2009; Nkwoji et al., 2010) ..
The relatively low alkalinity which perhaps may be due to low lime content of the catchment areas (Adebisi, 1981) indicates low buffering capacity of the water bodies against pH fluctuations (Yakub et al., 2006) . The low buffering capacity indicates the vulnerability of the water bodies to adverse consequences of anthropogenic activities such as acidification that alters the pH. Nevertheless, the buffering capacity could be improved by proper liming of the pond if water is to be sourced from Badagry Creek and Ologe Lagoon for coastal pond culture of aquatic organisms.
The BOD levels recorded at station A5 in Badagry Creek as well as stations B1 and B2 in Ologe Lagoon far exceed the upper limit of 4 mg/l set by FEPA as standard for normal aquatic life. These high BOD levels indicate high level of oxidizable organic substances in the wastes that are being discharged into the water bodies at these stations. BOD provides a measure of the level of organic pollution as a result of consumption of oxygen in the course of biological process of breaking down of the organic molecules into inorganic forms (Horsfall and Spiff, 2001; Abowei and Sikoki, 2005) . The low DO levels recorded at stations A5, B1 and B2 are therefore attributable to the high BOD due to the anthropogenic organic load inputs at the stations.
Previous findings of high BOD and low DO levels as a result of elevated level organic-rich wastes input into aquatic environments in Nigeria include those of Yakub (2004 Yakub ( , 2010 , Arimoro et al. (2007) , Edokpayi and Edokpayi (2007) , Woke and Wokoma (2007) , Yakub and Ugwumba (2009), Lawal-Are et al. (2010) , Nkwoji et al. (2010) .
According to the authors, deoxygenation as a result of BOD imposition can lead to elevation of levels of toxic substances (such as ammonia, nitrite, hydrogen sulfide and methane) which causes reduced fitness or asphyxiation (when severe) for aquatic organisms.
The mean values recorded for lead and zinc in the two water bodies were higher than 0.03 µg/l and 2.5 µg/l reported as the coastal water background levels for the two heavy metals respectively (Ajao et al., 1996) . The spatial distributions which showed significantly higher levels of lead also at stations A5, B1 and B2 than other stations indicate that anthropogenic inputs were most likely to account for high levels of lead in these water bodies.
The presence of lead and zinc at high levels could be of critical ecological significance to the water bodies. Heavy metals generally are pollutants of high priority due to the relatively low toxicity threshold of many species to a vast range of aquatic organisms. This can lead to reduction in biological populations and loss of biodiversity (Oyewo and Don-Pedro, 2003; Otitoloju et al., 2007) . Furthermore, due to their non-degradable nature, the heavy metals can bioaccumulate to very high concentrations at higher trophic levels chains especially in edible aquatic species (such as finfish and shell fish), thus posing serious health hazards to man (DonPedro et al., 2004) .
Conclusion
The findings in this study show a low brackish and fresh water condition in Badagry Creek and Ologe lagoon respectively. The surface water temperature, pH, nitrate, phosphate and sulfate of the water bodies are within desirable levels. The water bodies however have relatively low alkalinity which indicates low buffering capacity against pH fluctuations.
The results also show the adverse effects of discharges of untreated wastes on the water bodies as manifested by low dissolved oxygen as well as high levels of biochemical oxygen demand, zinc and lead at the stations where these activities take place. In order to ensure sustainable management of the water bodies and socio-economically important fisheries resources therein, it is imperative to control the discharge of untreated wastes into the water bodies by appropriate regulatory authorities.
Furthermore, for conservation of the biodiversity, further studies especially on various biological communities of the water bodies are recommended. It is also imperative to ensure regular monitoring of the levels of toxic contaminants such as the heavy metals especially in edible species of the water bodies to ensure consumer safety.
